Abstract Deep infiltrating endometriosis, which is frequently associated with pain, is diagnosed at clinical examination and with indirect imaging techniques like ultrasound and MRI. The aim of this study was to evaluate complications and recurrence rate after laparoscopic resection of deep infiltrating endometriosis by shaving technique. Between January 2004 and December 2010, 74 procedures for deep infiltrating endometriosis were performed in patients with pain and/or infertility. The endometriotic plaques were resected laparoscopically using scissors and bipolar and/or unipolar current. If rectosigmoidal invasion was present, a shaving was performed. Mean age was 31.7 years (SD ± 4.4). The vaginal nodule was a solitary lesion in 4 % of the patients without involvement of the ovaries, rectum or bladder. In 86 % of the cases, the rectosigmoid was involved as well. Mean follow-up was 776 days (SD0 465). One patient developed postoperatively a severe complication with intestinal perforation secondary to thermal necrosis (1.4 %). In four patients recurrence of symptoms was noted (8 %). Conservative surgery for deep infiltrating endometriosis resulted in the relief of pain, with a low postoperative complication rate (1.4 %). This shaving technique also resulted in a limited risk of recurrence of the symptoms (8 %).
Background
Endometriosis is characterized by the presence of endometrial glands and stroma outside the uterine cavity. It primarily affects women of fertile age, and represents a relevant clinical issue as it causes pain [1, 2] and infertility [2, 3] . Rectovaginal endometriosis (RVE) consists of an endometriotic nodule within the connective tissue between the anterior rectal wall and the vagina. The incidence of bowel infiltration among women with endometriosis varies between 6 and 12 % [4] . Deep endometriosis involving the bowel is most frequently localised in the rectovaginal septum [4, 5] and less in the sigmoid. Other bowel localisations are relatively rare [6] .
Surgery is the best therapeutic option for symptomatic rectovaginal endometriosis. Several surgical techniques have been proposed with no consensus existing. Different procedures have been described in terms of parameters such as the size of the nodule and the affected bowel circumference, depth of lesions on the rectal wall, presence of other endometriotic foci and experience of the surgeon [7] [8] [9] . The most common surgical procedures used in the treatment of RVE are the following: superficial thickness excision (shaving), resection of the nodule with excision of the anterior side of the rectum (discoid resection) and colorectal segmental resection. At present, some surgeons prefer colorectal resection, as they are convinced that this is the treatment of choice to improve pain and to avoid relapses [10] [11] [12] [13] . Other groups prefer the excision of the endometriotic nodule, since the rate of morbidity is lower and the recurrence of pain is similar [14, 15] . The choice for colorectal resection is supported by studies showing that microscopic endometriotic lesions usually exist around the main rectal nodule [16, 17] . But the clinical implication of leaving microscopic foci of endometriosis on the digestive tract remains unknown [18] . The aim of this study was to evaluate complications and recurrence rate after laparoscopic resection of deep infiltrating endometriosis by the shaving technique.
Materials and methods
Between January 2004 and December 2010, 74 procedures for deep infiltrating endometriosis were performed in patients with pain and/or infertility. Fifteen patients presented with pain symptoms, without fertility problems; 57 patients presented with pain and fertility problems, while two patients had only fertility problems and no pain (Table 1) . These procedures were retrospectively reviewed for complications and relapse of symptoms.
Examination with a speculum revealed either a normal vaginal mucosa or a protruded blue nodule in the posterior fornix. By palpation, the diameter of the lesion could be evaluated. Palpation is often painful, and the presence of a nodule accounts for symptoms such as deep dyspareunia and dysmenorrhea. Preoperatively, a full bowel preparation was performed in all patients.
The endometriotic nodules were resected laparoscopically. In all cases a 5-mm laparoscope, in the umbilical position, and three 5-mm trocars were used. First, an adhesiolysis was performed. When ovarian endometriotic cysts were present, these were treated in the first step by opening the cyst and coagulation of the inner endometriotic wall using a BICAP probe (Storz). Resection of the nodule was performed using scissors and bipolar and/or unipolar current. Excision was guided visually and by tactile feedback of the indurations during the endoscopic excision.
Dissection was started by freeing the anterior rectum until the loose tissue of the rectovaginal space was reached. If rectosigmoidal invasion was present, a shaving was performed. With this technique as much as possible of the endometriotic tissue is removed without opening the intestine. This technique was performed independently of the size and depth of the lesion. A careful sharp dissection was performed until the rectum was completely free and identifiable below the lesion. Excision of the fibrotic tissue on the side of the rectum was performed after the rectal dissection was complete. The rectal muscle defects could be closed with suture. The lesions extending totally through the vagina were treated with en bloc laparoscopic resection of the lesion with the vaginal mucosa. In these cases the fornix posterior was opened. After complete resection of the nodule, the posterior vaginal wall was closed laparoscopically.
In order to exclude unnoticed rectum perforations, at the end of the operation, the pouch of Douglas was filled with irrigation fluid and subsequently, air was brought into the rectum. If the endometriotic nodule or fibrosis included ureter involvement, intra-operative ureter stents were used. The women were normally kept in the hospital for 36 h after surgery.
Findings
The mean age of the patients was 31.7 years (SD ± 4.4). The mean size of the rectovaginal nodule was 1.9 cm. The size of the nodule was estimated by clinical examination and inspection during surgical resection of the nodule. By excision of the nodule, the posterior fornix of the vagina was opened in 42 % of the cases.
The vaginal nodule was a solitary lesion in 4 % of the patients without involvement of ovaries, rectum or bladder. In most cases the endometriosis was a complex disease involving different structures (sacrouterine ligaments, rectosigmoid, ureter and ovaries). In 37 cases one or both ovaries had an endometriotic cyst. In 86 % (n064) of the cases, the bowel was involved. In 14 % of the patients, bladder endometriosis was present (Table 1) . Thirteen patients had been operated for endometriosis in the past in other centres.
In 91 % (n058) of the patients with bowel involvement, shaving was performed. During the shaving, opening of the bowel mucosa was performed in five patients (8 %). Only on one patient a discoid resection was performed. In two patients when the appendix was involved, appendectomy was carried out. In four patients no treatment of the bowel involvement was performed since they had no bowel symptoms. In these patients only a resection of the vaginal part of the nodule was performed. In one of these four patients, a second laparoscopy with bowel shaving is performed 2 years later because of bowel symptoms.
One patient developed postoperatively a complication with intestinal perforation secondary to thermal necrosis (1.4 %). This patient presented with pain and fever 10 days postoperatively. An urgent laparoscopy was performed showing bowel perforation with necrosis. A partial bowel resection was performed. Other complications like ureteral damage, urinary retention or fistulas were not noted.
Only two patients received preoperatively GnRH analogues because of pain and waiting period before the Only patients with a follow-up of at least 1 year were included for further analysis. Eight patients were lost of follow-up and excluded. Mean follow-up was 776 days (SD0465).
In six patients recurrence of symptoms was noted (8 %). The mean time of recurrence was 540 days. In four patients an endometriotic cyst was visualised on ultrasound. In three patients a second laparoscopy was performed. Two laparoscopies showed invasion in the bowel serosa. One laparoscopy showed only recurrence of an endometriotic cyst. In one patient with a cyst on ultrasound, an aspiration of the cyst was performed. One patient had only recurrence of symptoms without obvious pathology; thus, no laparoscopy was performed.
We also evaluated the pregnancy outcome after surgery (Fig. 1) . Ten patients did not try to conceive. In the rest of the group, we noted an overall pregnancy rate of 63 %. In nine couples a male factor was present. Those patients were immediately referred for IVF. In this group a mean of 7.7 oocytes were retrieved with a fertilization rate of 65 %. They reached a pregnancy rate of 67 %. In the group with no male factor, some patients were advised not to opt for a spontaneous pregnancy. These were older patients or patients with previous infertility treatments. They were directed towards IVF (n016) or oocyte donation (n02). In the patients for IVF treatment, a mean of six oocytes were retrieved with a fertilization rate of 61 %. In this group a pregnancy rate of 37 % was reached. If no ovarian endometriosis was present, a mean of 7.5 oocytes were retrieved. In those patients where only one ovary had endometriosis, a mean of 7.4 oocytes could be retrieved. If both ovaries had ovarian endometriosis, a mean of eight oocytes were retrieved at oocyte pick-up. Two patients were poor responders in the IVF treatment and they started an oocyte donation treatment. The ages of these two patients were 34 and 38 years.
Thirty couples were advised to aim for a spontaneous pregnancy. The mean age of these patients was 29.7 years. The spontaneous pregnancy rate was 50 % in this study. In those patients with associated ovarian endometriosis, the spontaneous pregnancy rate was also 50 % ( Table 2 ). The mean time to spontaneous conception was 7.4 months. Fig. 1 Pregnancy outcome. Total 0 total of patients with follow-up of at least 1 year; male factor 0 abnormal sperm analysis; aim for spontaneous conception 0 no fertility treatment for at least 6 months; spontaneous pregnancy 0 pregnancy without fertility treatment 
Conclusions
Our study provides information regarding the outcome related to the shaving technique for patients with deep endometriosis. Over the last decade, it seems to have been widely accepted that complete excision of deep endometriosis is the treatment of choice. The idea is that the excision should be complete in order to achieve maximal pain relief and minimal recurrences. To our knowledge, however, there are no data to substantiate this. The decision to perform bowel resection seems to be based on attitude rather than on data. The argument used by some gynaecologists and surgeons to defend bowel resection is that this procedure is more 'radical'. But, even with bowel resection, the margins are not free of disease in more than 10 % of cases [15, 19] . Other studies have shown that residual lesions in the muscularis of the rectum do not evolve and remain constant for a long time [14] . The question remains as to whether complete long-term relief of pain systematically requires complete resection of the digestive foci, when taking into consideration the risk of postoperative complications and unpleasant functional symptoms. The 'price to pay' for segmental bowel resection is presented by possible complications. It should also be pointed out that colorectal segmental resection is a complex procedure, sometimes resulting in pelvic nerve damage and unpleasant urinary and digestive symptoms [15, 20] . A review [21] of 34 articles of bowel resections for deep endometriosis showed an overall complication rate of 22 %. Major complications occurred in 11 % of women, that is 6.4 % with severe bowel complications (leakage rate, 1.9 %; fistula rate, 1.8 %; and severe obstruction rate, 2.7 %), 2.5 % with haemorrhage and 1 % with infections. Minor complications occurred in 14.7 % of the women, with an incidence of temporary bowel dysfunction of 3.6 % and of bladder dysfunction of 8 %. Another review of Payá [9] concluded that when surgical treatment does not include intestinal resection, the rates of surgical complications are low, in the majority of papers not reaching 5 %, with bladder and intestinal dysfunction practically non-existent. They conclude that segmental bowel resection should be performed in selected cases. The indication for bowel resection might be represented by important bowel stenosis. Also in our study, low surgical complication rate of 1.4 % is reached. We cannot exclude that the fact that the patients were mainly infertility patients and not pelvic pain patients, which influenced these results. The study of Fanfani et al. compared postoperative complications to the patient satisfaction and recurrence rates between two laparoscopic techniques (discoid versus segmental resection) [18] . They conclude that the complication rate is lower in the discoid resection group, but patient satisfaction and recurrence rate are comparable in both groups.
In most cases, perirectal perivisceritis may be left in place. The residual lesion in the muscularis of the rectum does not seem to evolve and remains constant for a long time. Patients are usually free of symptoms, so we can consider that systematic bowel resection in case of perirectal visceritis and rectal muscularis involvement is unnecessary. Moreover, such surgery increases morbidity and is responsible for more adhesions resulting from extensive lateral dissection. In case of bowel occlusion and rectal bleeding with rectal mucosa involvement, resection of the rectosigmoid junction can be performed.
Little data are available on the fertility and pregnancy outcome after surgery for deep infiltrating endometriosis. Some studies have shown a higher pregnancy rate for minimally invasive procedures (shaving and discoid resection) compared with segmental resection [22] . As we are a fertility unit, most of our patients present with infertility. The results of this study demonstrate that even in this subfertile population, a good spontaneous pregnancy rate can be achieved after conservative surgery. The spontaneous pregnancy rate of 50 % in our study was similar as reported in other studies (Darai, Marpeau et al. 2005; Donnez and Squifflet 2010). Compared to our overall IVF population, the number of oocytes retrieved was slightly lower (7.3 versus 8.9). The fertilization rates were identical (63 versus 62.3 %). But the pregnancy rates are higher than the general IVF population (57 versus 39.6 %). Of course these groups are not comparable in a lot of aspects, but it is an indication of the pregnancy outcome with IVF treatment after conservative surgery for deep endometriosis. These results are comparable as the results found by other authors [23, 24] .
Conservative surgery for deep endometriosis in young women means preservation of organs, nerves, vascular blood supply and fertility. There is therefore a need for further strong and energetic debate to weigh up the benefits of shaving versus radical surgery. Feasibility is not always synonymous with efficacy.
